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ABSTRACT 

2. 

Daytime electron prec ip i ta t ion  has been observed frrnn on board Nike 

Apache sounding rockets launched from Fort Churchill,  Manitoba, Canada. 

Energy spectra and p i t ch  angle d is t r ibu t ions  a re  presented. Rapid time 

variations a r e  seen at  energies greater  than 60 keV, and t r a v e l  time arguments 

indicate  t h a t  the  prec ip i ta t ion  cause ac t s  within a few R of the  earth.  e 
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I WHODUCTION 

Tl~e existence of daytime auroral-zone cl ectron prec ip i ta t ion  has been 

c s t a b l i s h e ~ ~  , Rcsults of high l a t i t ude  s a t e l l i t e  observations and s t r a to -  

spht>re Sail,oon-borne X-ray counter surveys show t h a t  subs t an t i a l  f V i e s  Of 

electrons with enerzy above 110 ki lovol t s  reach thcl aiiror3l zone atmospherc, 

p s r t i cu lz r ly  r?uring the  riain and recovery phaqes of magnetic storms (0’ Hrisn, 

1 ? G h  ; 13roiJi1, J.966) e 

loatis during t h e  time sca le  of many kinds of events has pemStted study :md 

rlass;!3cation of t he  time s t ruc ture  of these events. iiesults of such s t u d i ~ ~ ~  

ha i c  been t o  iden t i fy  l-ong period var ia t ions,  with S S E L ~ C  timcs cxcc’: ling orlc’ 

liiiiiiitr, with the  axtion of hydromagnetic waves on thc  magnetosphwic electrori 

population (Anderson - e t  g, 1966; Farcus and Rosenberg, 1965; aarcus ard 

Christiansen, 1965) while larze amplitude shorter  period ?lux var ia t ions ha J C  

iieen ascribed t o  plasma i n s t a b i l i t i e s  (Coppi, 1965) o r  ti, tlynamics of tr2p7ed. 

e lec t ron  motion (Anderson and Milton, 1964; see a l so  Chamberlain, 1963). 

In order t o  more c lose ly  exarine the  d e t a i l s  of dayt-ime electron 

I n  pa r t i cu la r ,  the rxz l ig ib ly  zrnri11 nioti on of balloon pay- 

precipitation, Nike Apache sounding rocket psyloads were instrurrciTted f o r  

perforrnance d i r e c t  measurements of the absolute in tens i ty ,  onc.rgy spec t rw,  

and p i t c h  angle d i s t r ibd t ion  of these e lec t ron  fluxes.  

c o l l x t i o n  time (several  hundred seconds) and the  s u f f i c i m t l y  slow r a t e  af 

t r ay re l  ?cross magnetic f i e l d  l i n e s  (1.00 meters per second) p e r i t  idc>ntifica- 

t ior,  Gf shor t  period time s t ruc ture  i n  the  precipitatin,  f l u .  

The amount of data 

The primary apparatus on each payload was a p a i r  of p l a s t i c  phxphor  

s c i n t i l l a t i o n  counters, orthogonally oriented t o  view electron in t ens i t i e s  

i n  ciirections parallel snd perpendicular t o  t he  rocket spin axis.  Zach was 
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equipped with a three-channel d i f f e r e n t i a l  pulse height analyzer, intended t o  

provide a rough energy spectrum measurement with windows of 60-90 keV, 90-150 

keV,  and 150-300 keV. 

phosphor and stopped sunlight and protons having energy less than 800 keV. 

Passive collimation defined an effect ive a rea  of 0.18 cm with a 14' half 

angle. 

An aluminum absorber of thickness 3 mg/cm2 covered each 

2 

I n  addition, a pair of Channeltrons were integrated i n t o  each payload, 

having coll imators and se lec tor  magnets giving maximum geometry fac tors  a t  7 

keV and 13 keV, with energy resolutions of - 30% a t  half-maximum. These de- 

t ec to r s  had a 2 Counting r a t e s  

seen i n  a l l  information channels were logarrithmically compressed over a f i v e  

decade range before analog transmission t o  the  ground receiving s ta t ion .  

i- 

0 f i e l d  of view, p a r a l l e l  t o  t he  rocket axis .  

Spin s t ab i l i za t ion  of t he  payloads was employed. Due t o  the  asymmetric 

e jec t ion  of the  payload nose cones, during most of each f l i g h t  the  rocket spin 

ax is  moved slowly around a cone of approximately 15  This motion 

allowed t h e  ax ia l ly  oriented detectors t o  v i e w  a range of charged p a r t i c l e  

p i t ch  angles centered between 5' and 35'. 

corresponding in te rva ls  of 85-95' and 

by two fluxgate magnetometers. 

0 hal f  angle. 

Radially oriented detectors viewed 

55-125'. The rocket aspect was monitored 

GEOPHYSICAL C OND I T I  ONS 

A number of balloon launches were made from Ft.  Churchill  during 

Septmber,  1965, with t h e  objective of ident i fying times of daytime electron 

p rec ip i t a t ion  by means of measuring atmospheric X-ray bremsstrahlung. During 

t h e  magnetic storm which began on 15 September, aurora l  zone X-rays were ob- 

served in te rmi t ten t ly  f o r  f i v e  days. 

time s t ruc tured  X-ray flux seen on 17 September during considerable worldwide 

Of par t icu lar  i n t e r e s t  here i s  t h e  highly 
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geomagnetic a c t i v i t y  ( three hour average K 

was successfully launched. 

recovery period fur ther  strong but unstructured X-ray a c t i v i t y  was measured 

and a second successful rocket f l i g h t  w a s  made. 

taken (luring t h e  f i rs t  of these f l i gh t s .  

= )+ -). A t  t h i s  time one rocket 
P 

During a magnetically quie t  (K = 1 +) post- 
P 

The data reported here were 

RESULTS OF 17 SEPTEMBER FLIGHT 

Electron fluyes seen on 17 Septmber 1965 a re  presented i n  Figure 1 

as a P u c t i o n  of' t i m e ,  along with the  a l t i t u d e  and the  aspect angle between 

the  rocket ax is  and the  l o c a l  geomagnetic f i e l d .  

energy particles undergo a slow decreasz i n  f l u x  throughout t he  f l i g h t ,  seen 

It i s  seen t h s t  t he  lower 

here modulated by t h e  payload's varying aspect, while a number of prominent 

enhancements of electrons above 60 keV occur. It i s  convenient t o  separate 

t h i s  f l i g h t  i n t o  the  first portion, llc0-21~0 sec, durinG which the  energetic 

e lectrons are highly anisotropic  and apFear t o  have only brief in te rva ls  of 

law-level impulsive prec ip i ta t ion ,  and the  second portion (270-330 sec ) i n  

which much la rger  fluxes and more pers i s ten t  t h e  s t ruc ture  were seerl. 

A callparison of counting r a t e s  of t h e  several  energy channels enables 

us t o  construct d i f f e r e n t i a l  energy spectra f o r  the  two portions of the  f l i gh t .  

Figure 2 i l l u s t r a t e s  these d is t r ibu t ions  obtained for the  axially oriented 

electron cnmt.ers; deshed portions of each curve a re  energy in te rva ls  in- 

accessible  t o  these detectors and represent interpolat ions.  The observed 

e-foldinl; energies, which ranged from 6 t o  30 keV, represent sof te r  spectra 

thaii other workers have seen at  lower l a t i t u d e  or higher energy (Blake e t  al., 

1966; Mozer, 1965). 

Prom severa l  balloon observations (Barcus and Rosenberg, 1966) and rocket 

measurements (McDiarmid and Budzinski, 1964). 

However, we f i n d  good agreement with inferences drawn 
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geaniqpetic a c t i v i t y  ( three hour average K = -). A t  this time one rocket 

was succwsful ly  launched. 

recovery period fur ther  strong but unstructured X-ray a c t i v i t y  w a s  measured 

and a second successful rocket f l i gh t  was made. 

taken dwing  the  f i rs t  of these f l i gh t s .  

P 
During a magnetically quiet  (K = 1 +) post- 

P 

The data reported here were 

RESUIiTS OF 17 SEPTEMBER FLIGHT 

Electron flux2 seen on 17 September 1965 are  presented i n  Figure 1 

as  a P a c t i o n  of time, along with the a l t i t ude  and the aspect angle between 

the rocket axis  and the loca l  geomagnetic f i e l d .  It is  seen th&t  the lower 

energy pa r t i c l e s  undergo a slow decreasz i n  f lux  throughout the  f l i g h t ,  seen 

here modulated by the  payload's varying aspect, while a number of prominent 

enhancements of electrons above 60 keV occur. It i s  convenient t o  separate 

t h i s  f l i g h t  i n to  the f i r s t  portion, 1 ~ 0 - 2 l c O  sec, during which the energetic 

electrons a re  highly anisotropic and apTear t o  have only br ie f  intervals  of 

low-level impulsive precipi ta t ion,  and the second portion (270-330 sec)  i n  

which much larger  fluxes and more pers is tent  t h e  st ructure  were seerA. 

A canparison of counting ra tes  of t he  several  energy channels enables 

us t o  construct d i f f e ren t i a l  energy spectra f o r  the t w o  portions of the f l i gh t .  

F i w e  2 i l l u s t r a t e s  these dis t r ibut ions obtained for the  ax ia l ly  oriented 

electron cn-mters; dashed portions of each curve a re  energy in te rva ls  in -  

accessible t o  these detectors and represent interpolations.  The observed 

e-foldint; energies, which ranged from 6 t o  30 keV, represent sof te r  spectra 

thaii other workers have seen a t  lower l a t i t ude  or higher energy (Blake e t  al., 

1966; Mozer, 1965). 

from several  balloon observations (Barcus and Rosenberg, 1966) and rocket 

measurements (McDiarmid and Budzinski, 1964). 

However, we f i n d  good agreement with inferences d r a w n  



The combination of vehicle spin and precession during f l i g h t  allows 

2 range of p i t ch  angles t o  be viewed by the  pa i r  of s c i n t i l l a t i o n  counters. 

By calculat ing flux averaged over those time in te rva ls  corresponding t o  a 

given small range of p i t ch  angle, t he  angular d i s t r ibu t ion  of energetic elec- 

t rons  i s  obtain-d. 

have been made fo r  t he  angular s ens i t i v i ty  of t h e  detectors.  

t he  elcctron in t ens i ty  remains strongly peaked near 90 , except very l a t e  i n  

the ? l igh t  when atmospheric sca t te r ing  i s  appreciable. It i s  fur ther  evidm+,, 

both from t h i s  and from Figure 1, t h a t  enhanced prec ip i ta t ion  i s  f r ac t iona l ly  

greater  a t  smaller p i t ch  angles, i . e .  well inside the  loss cone. Such enhance- 

nents, then, a re  associated with a more nearly i so t ropic  p i tch  angle dist r ibu-  

t i o n  over 0 - 90°, i n  agre2ment with McDiarmid (McDiarmid and Budzinski, 1964). 

Between 1-00 

and consequently t h i s  albedo can probably be explained by atmospheric sca t te r -  

in2 . 

This d is t r ibu t ion  i s  shown i n  Figure 3, where no corrections 

It i s  c lear  t h a t  
0 

0 and 125’, the  in t ens i ty  i s  a t  most I-% of i t s  magnitude a t  60°, 

Both portions o f  t h i s  f l i g h t  have revealed rapid time s t ruc ture  in  the  

Q’iectrai flux a t  energies greater  than 60 keV. 

por t ion  of t he  f l i g h t  we observe t h a t  the sa l i en t  charac te r i s t ics  of t h i s  

structiwe are the  0.3 sec duration of a t yp ica l  pulse, the approximately 20 

k e V  e-.rolding energy of t he  electron spxtrum a t  a peak, a n i  the  close time 

associat ion of t h e  pulse seen i n  the  -rarious energy and pitch-angle channzls. 

-4 .Few seconds of t h i s  a c t i v i t y  can be seen i n  F i w r e  4. 

ti% s t ruc tu re  permits ideqt i f ica t ion  of these el.ectrnns as responsible f c r  

t he  Traduction o f  X-ray microbursts. The intensi-by and ciciergy spectrum of the  

pnren t  electrons as deduced from pr io r  X-ray measurements a l s o  support sueh an  

in5erpre ta t  ion (Hudson - 23t ., al- 1965). 

During the more intense seconti 

This charac te r i s t ic  

IJo cietailed ‘zorrespondence between rocket 

and brt?-loo!i c o m t  rates were observeii on t h i s  f l2ght ,  presumably due t o  the  
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I considerable horizontal  separation of these vehicles. It  i s  worthwhile t o  

0 note the  large,  ra ther  s teadier  electron in t ens i ty  seen near 70 p i t ch  angle, 

which r a y  be responsible f o r  the  enhanced X-ray background cus tanar i ly  associ- 

a ted with balloon microburst observations. Microburst e lectrons a re  seen at 

go0, and i n  roughly the same number as a t  0 ; the  f r ac t iona l  change at  30 

l e s s  than a t  0 

' 0  0 i s  

0 due t o  the  addi t ional  steady mirroring electrons.  

Another cha rac t e r i s t i c  of t h i s  intense prec ip i ta t ion  i s  t h e  f'requent 

appearance or  disqpcarancc of the electron flux on a time scale ofm-30 m i l l i -  

seconds. 

co7u-k rate averages a re  plot ted.  

Such events a r e  i l l as t i -a ted  i n  Figure 4, i n  which ten-millisecond 

A gap i n  one microburst, l a s t i n g  approximately 

0.03 sec, i s  seen; a l s o  shown i s  another microburst havine r i s e  and f a l l  times 

of only a few milliseconds. 

Large amplitude f e s t  variations i n  the electron flux permit a sensif;i.rc 

t e s t  f o r  t h e  degree of association of the modulating phenomenon betwesn the  

various ener-9 channels. 

of lower e n e r a  e lectrons i s  provided by a cross-correlation analysis.  

f i f t e e n  seconds of count-ra-ke data f r m  the  ax ia l  s c i n t i l l a t i o n  counter were 

One quantit?ki.ve measure of possibly rielay i n  arr i i ra l  

Here, 

used; t h e  r e s u l t  i s  shown i n  Figure 5. It i s  seen t h a t  during t h i s  portion 

of t he  f l i g h t ,  the  systematic delay of the 60-90 keV channel with respect t o  

90-150 keV electrons amounted t o  0.01 - 0.01 sec. 
f 

A secondary cross-correlation 

maximum near 1.2 seconds i s  evident. "his fea ture  a r i s e s  from the  roughly per i -  

odic 1.2 second recurrence pa t te rn  o f t h e  la rger  microbursts seen during t h i s  

f l i g h t .  

F ina l ly  we note t h a t ,  although intense prec ip i ta t ion  was observed a t  

7 and 13 keV, it showed no evidence whatsoever of short-term time s t ructure .  

During order-of-magnitude f l u x  var ia t ions above 60 keV, the  channeltron count 

r a t e s  Jar ied by less than lo$. However, assuming an exponential energy 



dependence and extrapolating the s c i n t i l l a t i o n  counter energy spectrum back 

t o  7 and 13 keV, we expect a contribution here of only 1% t o  3% a r i s ing  from 

microburst electrons.  

Three seconds of weaker precipitation, charac te r i s t ic  of the first 

portion of t h i s  17 September f l i g h t ,  are illustrated i n  Figure 6. 

the impulsive nature of t h e  electron f l u e s  i s  apparent; however, the  strength 

of t h i s  prec ip i ta t ion  i s  smaller by a f ac to r  of about twenty, and there  i s  an 

obvious systematic delay of 60-90 keV electrons with respect t o  the  higher 

channels. A cross-correlation analysis of a f o r t y  second s t r e t ch  of these 

data reveals  a s igni f icant  maximum centered on 0.10 sec. delay f o r  60=9 keV 

against  90-150 keV, and centered on 0.26 sec. for 60-90 keV against  150-300 

keV. Other charac te r i s t ics  of these microbursts a r e  the  roughly 1.2 sec. 

spacing of the mBxim;t, the  0.2 sec. charac te r i s t ic  width of the  impulses, 

and an e-folding energy of approximately 15 keV. 

respects,  then, t o  microbursts seen i n  the  episode described above. 

Here again 

They are similar i n  most 

DISCUSSION 

Although it i s  possible t o  construct electron source models containing 

any degree of inherent dispersion, the data  presented here permit a s inpler  

in te rpre ta t ion  based on the  dependence of t r a v e l  time upon electron energy. 

F i r s t ,  the  prompt appearance of intense-microburst electrons over a large 

range of energies indicates  that the k n e d i a t e  source of electrons must l i e  

nearby (2 .. 2 R ) and must be synchronous, i.e. a f f ec t  the  precipi ta t ion of 

a l l  e lectron energies a t  the  same time. Second, given that the source ac t s  

synchronously, the  distance required t o  explain the  large systematic delay 

of lower energy weak-microburst electrons seen ea r ly  i n  the  f l i g h t  i s  22 - 6 

4- 
e 

+ 

Re 
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This la rger  distance i s  suggestive of t h e  length of a closed 

magnetic f i e l d  l i n e  connecting northern and southern hemispheres near t he  

noon meridian. 

vant geomagnetic l a t i t u d e  i s  69'. 

have a lI2ngth of 24 Re, while t h e  compressed magnetic model of Mead (1964) 

indicates  a length of approximately 19 R . 
thc  mechanism responsible f o r  microbursts a c t s  synchronously w i l l  require t h a t  

it be operable a t  each end of t he  closed f i e l d  l i ne .  Because both Ft .  Churchill  

and i t s  conjugate point were s u n l i t  and passing through mid-morning hours during 

t h i s  f l i g h t ,  and because those two conditions a re  apparently necessary f o r  t h e  

appearance of microburst ac t iv i ty ,  we cannot r u l e  out the  p o s s i b i l i t y  of 

southern hemisphere ac t iv i ty ,  and indeed might very wel l  expect t o  see it 

under these conditions. 

The ac tua l  l oca l  time of t he  launch was lo:&, and the  r e l e -  

A dipole f i e l d  l i n e  a t  t h i s  l a t i t u d e  would 

Consequently, the  assumption t h a t  e 

1. Impulsive energetic e lectron prec ip i ta t ion ,  accompanied by steady low 

energy electron f luxes,  has been observed from a sounding rocket. 

2. The observed time s t ruc ture  and energy spectra  permit ident i f ica t ion  of 

these impulses as  responsible for  X-ray microbursts. 

Time-of-travel arguments suggest t h a t ,  although the  source of t h e i r  energy 

is  known, the  impulsive dumping of t h e  energetic electrons i s  organized 

within approximately 4 Re of the surface of the  ear th ,  and can occur i n  

e i t h e r  hemisphere. 

3. 
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FIGURE CAPTIONS 

Figure 1. Dif feren t ia l  e lectron in t ens i t i e s  and vehicle aspect angle as 

functions of t i m e  and a l t i t ude .  Two second averages have been 

taken. 

0 Figure 2. Representative energy spectra f o r  p i t ch  angles 5-35 . 
Figure 3. Palar p lo t s  of four p i tch  angle d i s t r ibu t ion  obtained from the  

60-90 keV energy channels. 

Three seconds of impulsive electron prec ip i ta t ion  seen i n  several  

energy channels. 

from t h e  r a d i a l  s c i n t i l l a t o r  record. 

Figure 4. 

Effects of rocket spin have not been removed here 

Figure 5. Cross correlat ion function f o r  the more intense microbursts. Points 

are p lo t ted  a t  in te rva ls  of 0.01 see. 

Three seconds of weaker impulsive electron precipi ta t ion,  obtained 

earlier i n  the  f l i g h t .  Spin modulation has not been removed here. 

Cross correlat ion function f o r  40 sec 

Figure 6. 

Figure 7. of data including t h a t  of 

Figure 6. 
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